uninterrupted submaximal and maximal exercise is utilized.13 The linear relationship between duration of effort and oxygen intake, under these testing conditions, varies in healthy middle-aged men with age and physical status. Accordingly, when these items are known, maximal oxygen intake may be estimated from observed duration of exertion. Methods
Oxygen intake (Vo2) was measured during the last 2 to 4 minutes of treadmill exercise on 86 healthy middle-aged men (84 Caucasians, one Oriental, and one Negro) in the YMCA cohort. Expired air samples were collected at 1-min intervals in evacuated neoprene bags; volumes were measured in a calibrated gasometer and corrected to standard temperature and barometric pressure. Oxygen and carbon dioxide concentrations in aliquots from each bag were measured using micro-Scholander technic. The final minute of gas collection during which maximal exercise tolerance and highest oxygen intake were reached was used for maximal oxygen consumption (Vo2 max), whereas one to three samples immediately preceding at submaximal work loads defined the approach to the maximal level. Fingertip 28 who had moved from the area, six who died, 32 who refused the test, and nine for whom testing was contraindicated. Follow-up of health status was successful for all 225 men, and details appear elsewhere.'9 Oxygen intake measurements were obtained on 86 of the 143 healthy men. In the remaining 57, it was not feasible because of technical and scheduling problems.
Physical activity levels for this group were assessed by questionnaire which included recreational, occupational, and exercise participation at the YMCA and were defined as follows: (1) sedentary-no evidence of significant exercise from occupational or recreational sources, and nonparticipation in YMCA exercise, (2) To assess the joint effect of age and physical activity on these variables, 5-year ages were combined to form three 10-year groups, and sedentary was combined with light, while moderate and heavy physical activity groups were combined. Since this division into two activity classes separates the runners from the nonrunners, this appears to be a reasonable cut-point for a 3 by 2 Considerable attention is given to stress testing including concepts and information about the freedom from rigid testing constraints now possible by the use of more "equivalent" physiologic stresses relating to maximal work capacity or to target heart rates, the relatively good repeatability of progressive stress tests, a large experience of maximal tests in post-infarction patients, and the advantages of beat-tobeat cardiac monitoring during stress tests. Method and procedure are discussed including telemetry and extended monitoring of heart rate and blood pressure during stress tests and during daily activities.
A phenomenon that most have observed, the delayed ischemic response occurring during recovery, is explored and partly explained by findings on indirect estimations of cardiac work during recovery.
Evidence is presented that the exercise ECG response in post-infarction patients is predictive of subsequent risk of reinfarction. The characteristics, advantages, and disadvantages of different types and modes of exercise testing are well reviewed.
Among the problems discussed are those relating brachial artery pressure measured during work to a tension-time index (cardiac work and myocardial oxygen consumption). Evidence is presented that peripheral blood pressure measurement overestimates the work load of the ventricles during exercise.
Exercise studies in hypertensive subjects revealed higher work blood pressures and vascular resistance with normal cardiac output. Exercise studies in coronary patients revealed normal hemodynamic responses when they remained "within the limits of their work capacity." Inappropriate hemodynamic responses to work are described in some cardiac patients.
Heart volume during work and its changes as a result of conditioning are discussed, as well as variations of total hemoglobin which are found to relate to age, to physical restriction, and to hypoxia, but not otherwise to the type or severity of chronic cardiopulmonary diseases.
Evidence is given of the remarkable pressure load imposed on the heart by static work and its potential danger to the cardiac patient.
The response to physical conditioning is found to depend on the initial level of fitness in relation to one's potential, expressed as the expected "normal level" for age. Potential for conditioning is very low at advanced ages.
Some of the experience is recounted of formal, ongoing conditioning programs among cardiac patients, in the U. S. and in Europe.
